Background It is difficult to estimate the prevalence of acute and chronic pruritus in the population at large due to a
Introduction
Pruritus is one of the most commonly complained about, subjective, interdisciplinary sensations. 1 In pronounced forms, it causes a tremendous amount of psychological strain for the affected patients with severe limitations to their quality of life, leading to their search for medical assistance. 2, 3 In recent years, assessment and management of chronic pruritus 4, 5 and pruritusrelated conditions 6 have gained interest in the scientific community and medical practitioners. However, medical assistance remains unsought in less severe forms of pruritus. This is often the case with itching sensations due to everyday situations such as mosquito bite or the occasional itch on a body part. Accordingly, there are no available data on such cases of pruritus, e.g. from health insurance providers. The multitude of possible underlying diseases causing this symptom 1,7-9 also further complicates epidemiological studies. Epidemiological data have, however, been generated for individual indications, e.g. recently for haemodialysis-related pruritus. 10, 11 For other entities such as scabies (acute pruritus), the prevalence is estimated to be up to 100%, 12 approximately 80% for psoriasis (acute and chronic prevalence of chronic pruritus on population level 15, 16 ; in a study from 2013, Materne et al. 16 found a point prevalence of 15.4% in the German population. Other indications that can cause a severe negative impact to the quality of life, such as genitoanal pruritus, have yet to be examined in epidemiological studies. As a result, there is a lack of data on a population level of the acute and many forms of chronic pruritus. This retrospective study seeks to close the knowledge gap via analysing the online search volume for 'itch' within Germany. The 'search volume' is defined as the number of search queries for a particular term used by Internet users on search engines such as Google. By making an analysis of the terms that were searched for most frequently, conclusions can be drawn as to which topics concern Internet users the most. A decisive advantage of this is that relevant topics can be identified that are usually associated with shame and are therefore neither publicly discussed nor, to an extent, discussed with the attending physician. The number of Internet users has drastically increased in the past decade, and in Germany alone, more than 90% of the population uses the Internet. 17 The amount of the population covered by search engine analyses is thus considerable. Search engine analyses are, especially in Germany, particularly promising since Google, the global market leader for search engines, has a market share of 95% and thus almost entirely accurately represents 18,19 the 62.4 million Internet users in Germany. 20 In recent years, Google search engine analyses have been used in a variety of medical disciplines. These, however, have utilized Google Trends and thus, due to methodological reasons, allowed only for an estimation of the relative search volume represented by a search volume index (SVI; range from 0 [no searches] to 100 [peak search volume]) over time.
For the United States, it has already been demonstrated that, with this method, there is a significant correlation between the Google search volume and the incidence rate of many tumours so that the respective incidence rates can be estimated on the basis of the respective search volume. 21 As for pruritus, Grandhi et al. 22 established an impressive seasonal course of search volume for pruritus that correlated to temperature. However, no statement on the exact numbers of the search volume can be made with Google Trends. The aim of this study was to thoroughly evaluate the absolute pruritus-related search volume in Germany over a time span of 4 years via a new method 23 in order to draw conclusions regarding the frequency of pruritus and the most common pruritusrelated complaints in Germany.
Materials and methods
The search volume for pruritus was determined using the Google AdWords Keyword Planner. Google's Keyword Planner is primarily used to find interesting keywords or key terms that are typed into Google's search field to help advertisers optimize their Google Ad Words campaigns. Since the Keyword
Planner is a tool that, in addition to other data, indicates the estimated monthly search volume for different keywords, it can also be implemented for answering research questions. In this study, it was used to identify relevant keywords on the subject of itch and then analyse them with regard to the search volume. The region and language settings were set so that the search volume data were limited solely to users within Germany and with 'German' as their language of preference while using Google products. The period of analysis was from June 2013 to April 2017.
Statistics
The search volume data of the identified keywords were evaluated descriptively. In addition, the keywords were qualitatively analysed. On the one hand, it was examined whether the keywords provide information on the localization of the pruritus and which localizations were mentioned most frequently. On the other, it was evaluated whether the influencing factors (e.g. 'itch neurodermatitis', 'itch stress'), treatment options (e.g. 'ointment against itching'), causes (e.g. 'itchy skin causes') or circumstances in which pruritus can occur (e.g. 'itch pregnancy') were searched for and whether the pruritus was described in more detail (e.g. 'sudden itching'). A keyword could be attributed to none, individual or multiple categories. The descriptive analysis was conducted using the statistics program IBM SPSS Statistics version 24.
Results
In total, 701 keywords on the subject of 'itch' (in German: 'Juckreiz') were identified by the Google AdWords Keyword Planner. During the analysis period of June 2013 to April 2017, the number of searches for these keywords reached a total of 13 691 470, of which 1 500 810 (11%) were made from June to December 2013, 3 098 720 (22.6%) in 2014, 3 544 720 (25.9%) in 2015, 3 987 140 (29.1%) in 2016 and 1 560 080 (11.4%) from January to April 2017. The most searched for keyword in the entire analysis period was 'neurodermatitis' (n = 2 333 500, 24.3%), followed by the lay term for psoriasis ('Schuppenflechte'; n = 2 434 200, 17.8%), 'psoriasis' (n = 1 839 100, 13.4%), 'eczema' (n = 994 800, 7.3%) and 'skin rash' (n = 815 400, 6%). 'Itch' was found to be in 6th place (n = 396 700, 2.9%). A list of the 50 most frequently searched keywords (both in German and in English) can be found in Table 1 .
Course of time comparison of the monthly searches with the respective annual mean value demonstrated that pruritus is searched for online more often during the colder months of the year (OctoberMarch); only 6 of the 23 months with an above-average search volume were found to be in the warmer half of the year (AprilSeptember).
Localization
A total of 1 982 190 (14.5%) of the searches in the analysis period included information on the exact localization of the symptom. Searches for keywords such as 'itchy skin' and 'itching on body' were considered too imprecise for an exact localization and are therefore not included in this analysis. Figure 2 shows the different localizations, as well as the number of search queries made, throughout the entire analysis period. It is thus apparent that approximately every fourth search term pertained to the localization of pruritus on the whole body (n = 474 810, 24%), followed by itching in the anal region (n = 396 880, 20%). Itch on the legs was searched for 301 130 times in the survey period (15.2%), with other parts of the body receiving significantly less attention, including itch on the hands (n = 127 840, 6.4%), ears (n = 123 900, 6.3%), head (n = 118 750, 6%), back (n = 100 980, 5.1%) and genitals (n = 91 200, 4.6%). Pruritus of the feet was searched for 70 330 times (3.5%) on Google, while pruritus of the arms (52 770, 2.7%), chest (39 410, 2%), neck (30 670, 1.5%) and abdomen (19 960, 1%) resulted in fewer search queries. Only 6950 searches were found to have been made for the 'upper body' (0.2%), a more generalized localization.
Influencing factors
About 72.6% (9 943 820) of the 13 691 470 searches focused on the influencing factors of pruritus. Table 2 shows which influencing factors were searched for and how often. It is notable that skin disorders alone accounted for 64.7% (n = 8 862 770) of all searches made (31.9% psoriasis, 24.5% atopic eczema, 8.3% eczema, <0.1% general skin disorders). By including the search terms describing changes to the skin, such as 'rash', 'pustules' and 'redness' (n = 919 810), as well as 'dry skin' (n = 61 890), then 92.3% of the searches made address the influencing factors and 67.5% of all searches for pruritus were associated with skinrelated troubles. In addition to the skin, the most commonly searched for influencing factors included the liver (n = 54 910, 0.4%), diabetes (n = 32 210, 0.2%), allergies (n = 27 290, 0.2%) and stress (n = 23 729, 0.2%).
Treatment
In total, 3.4% (n = 461 930) of all searches were related to treatment options for pruritus. The most common treatment-related searched keyword was 'ointment against itching' (n = 37 180), followed by 'home remedies against itching' (n = 20 730) and 'cream against itching' (n = 19 250). Medical needs related to pruritus in Germany Conditions About 1.8% (n = 245 070) of all searches made within the analysis period focused on the specific conditions in which pruritus occurs, among which pruritus during pregnancy (n = 104 300, 0.8%) and pruritus in the evening/at night-time (n = 103 870, 0.8%) were the most frequently mentioned. Pruritus during menopause (n = 15 810, 0.1%), in the winter (n = 11 970, 0.1%), during childhood (n = 5250, 0.1%) and in elderly age (n = 2730, 0.1%) was significantly less frequently searched for. Pruritus in the summertime only received 1140 search queries (<0.1%).
Causes
About 0.9% (n = 118 720) of the search queries asked for the causes for pruritus. Of these, 'skin itching causes' (n = 22 260), 'itch causes' (n = 13 720) and 'itching on entire body causes' (n = 11 680) were the most searched for terms.
Pruritus descriptors
A total of 223 740 searches (1.6%) included a more detailed description of the itch. The pruritus was most frequently described as 'strong' (n = 97 010, 43%), followed by 'constant' (n = 46 250, 20.7%), 'sudden' (n = 27 630, 12.3%) and 'extreme' (n = 17 040, 7.6%). The descriptors 'chronic' (n = 5680, 2.5%), 'unbearable' (n = 4870, 2.2%), 'internal' (n = 2850, 1.2%), 'generalized' (n = 2690, 1.2%), 'piercing' (n = 1360, 0.6%), 'always' (n = 1220, 0.5%), 'wandering' (n = 1100, 0.5%) and 'acute' (n = 620, 0.3%) were found to be used considerably less. The itch sensation was also described as 'burning' in 14 120 (6.3%) searches and as 'biting' in 1300 (0.6%).
Discussion
From June 2013 to April 2017, pruritus was searched for 13 691 470 times on Google. The six most searched for terms were, in ranking order, 'neurodermatitis', 'psoriasis', the German lay term for psoriasis ('Schuppenflechte'), 'eczema', 'skin rash' and 'itch'. Over the course of the seasons, there was a higher monthly search volume during the colder half of the year. This study has, for the first time, allowed for a rough estimate of the medical needs of patients suffering from pruritus to be made at the population level in Germany via an unconventional method. Secondary data analyses, such as those from health insurance providers or healthcare reimbursement systems, do not lead to correspondingly meaningful data due to the high intra-and interindividual diversity of the sensation of itch in Germany, as well as the fact that only severe pruritus generally leads to patients taking advantage of medical services. It has already been shown in the United States that tumours that are not registered in the tumour registry can be excellently mapped with Google search engine analyses. 21 Due to the similar approach in this work, the results thus allow for conclusions regarding pruritus to be drawn. There were, however, limitations to this work. It is necessary to note that the monthly search volume for each keyword provided by the Google AdWords Keyword Planner is based on estimations. The exact process of making such estimations also remains shrouded by Google. Consequently, it is difficult to assess how accurate and representative such numbers are. Additionally, little is known about how the most relevant keywords are identified. The data from this study can thus only be considered an estimation of the search volume for pruritus in Germany. Google enjoys a market share of 95% in Germany; 19 however, the German population does not use search engines to the same extent. According to an online study of the German broadcasters ARD/ZDF, 24 the German youth uses search engines far more frequently than elderly persons, who are more likely to suffer from pruritus. The results of searches from the elderly are thus thought to be underrepresented. In addition, the automatic suggestions made by Google while entering search terms can also influence the search strategy or search terms of a user. This may serve to make frequently searched for terms even more frequently searched for and neglect less frequently used terms. However, the analysis of Google search terms allows the detection of trends in a large proportion of the general population and most importantly of factors that are not very present in the social discourse such as anal pruritus. Thus, in spite of the limitations, search engine analyses can contribute to a better and more extensive understanding of the prevalence of different diseases or complaints in the general population.
Interpretation of the results
Pruritus due to xerosis is more common in the colder months of the year, 25 indicating that Google searches reflect, at least to some extent, the prevalence of pruritus. Of particular interest were the results of the search engine data with regard to the most common terms (dermatoses) and localization ('anal itch' and 'itch on the whole body'), causes (67.5% dermatoses, 0.4% liver diseases, 0.2% diabetes) and descriptors such as 'strong' (43.3%), 'constant' (20.7%), 'sudden' (12.3%) and 'extreme' (7.6%). The latter principally reflects a certain burden and impairment of the quality of life. While the pruritus associated with dermatoses is well known and the frequency of the searches appears to be plausible, the low frequency of other types of pruritus associated with illnesses such as diabetes or lymphoma was unexpected. 26 It could thus be speculated that palliative care patients receive advice during visits to their oncologists; 27 however, this does not explain the imbalance between dermatoses and all other non-dermatological origins for pruritus. These data suggest that non-dermatological causes for pruritus remain unknown in the general population. Of the group of dermatoses, it is of interest that psoriasis was searched for as frequently as atopic dermatitis, once more supporting the role of pruritus in this disease. Although a neglected area of medicine, recent studies have demonstrated the frequency and burden of psoriatic itch. 28, 29 Interestingly, certain localizations were more prominent than others. Anal pruritus and pruritus of the scalp are especially problematic because there are few scientific findings in these issues. It can represent a great challenge due to high therapeutic needs and due to the fact that common antipruritic therapies are often unsuccessful. 30 Internet users also searched for causes for the pruritus, although only a small percentage of searches (0.8%) focused on possible causes. As for treatment options, most searches focused on topical therapies and home remedies. These data may indicate that topical treatments are generally preferred or that there is a lack of knowledge about systemic agents for the treatment of pruritus. A nearly 50% increase in the average monthly search volume was observed between 2013 and 2017, which might be explained Medical needs related to pruritus in Germany by a general increase in pruritus awareness, greater prevalence of pruritus or a reduction in referrals or visits to dermatologists and other physicians. The exact causes for such spurts in the search volume cannot be answered by this study; however, an increase in searches might possibly indicate an increase in a need for information by the affected patients as well as their possible growing reliance on Google. In summary, most searches (72.6%) made for pruritus addressed its influencing factors and, in particular, its many associated skin disorders and resulting changes to the skin. This finding implies that a management deficit or lack of therapeutic efficacy in Germany is primarily associated with pruritus due to skin disorders. At the same time, this information suggests that Germans are generally very likely to search for illnesses on Google, which is why a Europe-wide comparison of the frequencies of Google search terms for pruritus appears to be a particularly worthwhile topic for future endeavours.
Unfortunately, the search query analysis has yet to provide insight into the age of the search engine users. A statement can thus not be made on the group of persons searching for information on pruritus due to skin disorders (e.g. proportion of parents of affected children, elderly patients). Also, in the majority of cases, the analysed keywords provide no information as to whether a chronic or acute form of pruritus was searched for.
Despite the above-mentioned limitations, an analysis of search engine data allows for the detection of trends and identification of relevant factors present to a limited extent in social discourse that are impressively demonstrated, for example, via the identified frequency of the search term 'anal pruritus'. In follow-up studies, using advanced approaches authors will attempt to detect possible regional, social and gender-specific aspects of pruritus in order to adequately illustrate the need for medical care for pruritus in Germany, and contribute to its improvement.
